INTRODUCTION
The broncho-active agents, histamine and acetylcholine, evoke different patterns of pulmonary response in vivo. For example, when these agents are infused intravenously in the anesthetized, vagotomized cat, histamine results in predominantly peripheral airway constriction as evidenced by a marked fall in dynamic compliance with only minor increases in pulmonary resistance (1) . On the basis of these differential physiologic changes in pulmonary resistance and dynamic compliance, it was suggested that the peripheral airways were more responsive to histamine Receivedfor publication 3 October 1977 and in revisedform 2 December 1977. than acetylcholine. These inferences were strengthened by the direct observation of preferential small airway constriction after histamine exposure in frozen lung sections (1) . In comparison, acetylcholine in the same preparation had its major effects on the central airways as evidenced by an increase in pulmonary resistance at doses which did not alter static or dynamic compliance (1) . On the basis of similar differential mechanical changes observed in the unanesthetized, atropinized guinea pig (2), we postulated a similar difference in the direct large and small airway effects in this animal. The differential effects of histamine and acetylcholine may result from differences in the uptake, distribution, and metabolism of these drugs, or there may be a difference in the sensitivity of smooth muscle from varying loci in the lung to the constrictive effects of these agents. To evaluate this latter possibility we have studied the comparative contractility of a tracheal spiral and an isolated parenchymal strip from the guinea pig.
METHODS
Male Hartley-strain guinea pigs, 300-350 g body wt, were killed by cervical dislocation and exsanguination. The thorax was opened and the heart, lungs, and trachea removed en bloc. The trachea from the larynx to the carina was cut spirally (3) and suspended in a bath of Tyrode's solution (4) at 37°C. The solution was continuously gassed with 95% oxygen and 5% carbon dioxide. The lower end of the trachea was fixed to a support in the bath while the upper end was attached by a thread to a motion transducer (Harvard Apparatus, Millis, Mass., model 386) under a force of 2 g. A strip of subpleural parenchyma, -1.5 mm square and 20 mm long, was cut from the right lower lobe and suspended under a force of200 mg in a bath similar to that used for the trachea. After 60 min, appropriate concentrations of drugs were added to the bath and allowed to contact the tissue for 1-3 min until a steady response was obtained. In initial experiments, it was determined that similar responses were obtained ifthe tissues were allowed to relax between addition of various concentrations of agonists or if the agonists were added cumulatively, the latter technique was adopted for routine use. After each doseresponse curve, the tissues were allowed to relax until they returned to their initial length. strip to the maximal concentration (1,000-100 uM) of histamine.
In some experiments, parenchymal strips were used which were -0.5 mm square and 20 mm in length, or 0.2 mm square and 10 mm in length. The 0.5 mm square strips were cut from the pleural edge of the thicker parenchymal strips described above and contracted in a fashion similar to the thicker parenchymal strips. The 0.2 mm square strips were also cut from the pleural edge of the thick strips. The 0.2 mm square strips were studied isometrically with an initial force of 150 mg. In these experiments, a force transducer (Grass Instrument Co., Quincy, Mass., model FT03 C) was used.
In some experiments, parenchymal strips were placed in 10% neutral buffered formalin immediately after completion of an experimental run and processed as outlined below. After fixation, the tissues were embedded in glycol methacrylate (5) . Serial sections, 2 gm thick, were cut on a microtome (Ivan Sorvall, Inc., Norwalk, Conn., model JB-4) with glass knives. Every 10th section was stained with hematoxylin/eosintoluidine blue (6) . These sections were examined by light microscopy with a 0.25 mm2-reticule, and serial reconstructions were made to scale.
The drugs used in this study were The pharmacologic specificity of the tracheal and parenchymal strip contraction was determinied by testing the responses of both tissue strips to histamine and carbachol before and after addition of' the H, receptor antagonist, mepyramine maleate (0.1 uM), and atropine (0.1 uM). These antagonists had no effect on the resting tone of either strip. Mepyramine maleate (0.1 tkM) did not alter the response of the trachea or parenchyma to carbachol, although it shifted the dose-response curve of the tracheal spiral aind parenchymal strip by 30-and 400-fold, respectively (Fig. 3) . Atropine sulfate (0.1 ,utM) shifted the dose-response eurves of the trachea anid parenchyma to carbachol 600-and 800-fold, respectively (Fig. 4) . Atropine also had a minor antihistamine effect resulting in about ain 8-to 10-fold shift of both the tracheal and parenchymal dose-response curves (Fig. 4) .
The responses of the tracheal and parenchymal strips to histamine and carbachol were fturther evaluiated to determine if secondarily released prostaglandins or catecholamines altered tissue responses, and for the absence of H2 receptors by treatment with indomethacin (3 puM), propranolol (10 pM), EEDQ (an alpha receptor antagonist) (4 ,uM), and cimetidine (1 ,u M). The concentrations of indomethacin and cimetidine were chosen on the basis of previouisly published reports (7, 8) . The concentrations of propranolol and EEDQ uised caused a 300-to 1,000-fold decrease in the senisitivity of' the tracheal spirals or parenchymal strips to the effects of isoproterenol and phenylephrine, respectively.2 Strips were allowed to incubate with the antagonists for at least 60 min before exposure to various agonists. In four experiments, indomethacin slightly enhanced the tracheal response to both histamine and carbachol but did not alter the parenchymal response to these agents. In four experiments with each of the antagonists, propranolol, EEDQ, and cimetidine, the response of both tissue strips to histamine and carbachol was not significantly altered, Fig. 6 . The relative density of conducting airways and blood vessels in each of the three tissue strips was markedly different. In the 1.5 mm-square strip, conducting airways and blood vessels were numerous; in the 0.5 mm-square strip, there were few, and in the 0.2 mm-square strips, no such structures could be found. DISCUSSION We have demonstrated that an in vitro parenchymal strip from the guinea pig is more sensitive (responds at a lower dose) and has a greater maximum response to histamine than to acetylcholine or carbachol. In contrast, a central airway strip (tracheal spiral) from this animal responded similarly to equimolar concentrations of both of these agents. (Figs. 3 and 4) . Mepyramine had no significant anticholinergic effects, whereas atropine had minor antihistamine effects on both the trachea and parenchyma as shown in Fig. 4 To test the hypothesis that the differential responises to histamine and carbachol might be in part a restult of prostaglandins synithesized and released durinig contraction of the strips (7, 11) , to local adrenergic mechanisms (12) , or differential populationis of H1 and H2 receptors (13, 14) , the strips were contractedc with histamine and carbachol before andl after addition of indomethacin, propranolol, EEDDQ, or cimetidiine. Indomethacin had no effect on the differential responise of the two strips, stuggesting that prostaglandins (synthesized by prostaglandin synthetase during contraction) are not responsible for the differential activity to histamine and carbachol. The a anid 8 ..
-A /A (20) demiionstrated that tracheal spirals and 1 mm-diameter airways had similar responses to histamine and acetyleholine. Although the auithors did not specifically state the location and airway type examined, comparison with the morphometric data presentedl by Kliment (21) suggest that this probably represented a second or third generation bronchus (lobar or segmental). According to Kliment (21) suggested that the peripheral airways are more sensitive to histamine than to acetylcholine (1) . In this report we provide evidence in vitro which supports this in vivo prediction by comparing the relative responses of tracheal spirals and parenchymal strips to histamine and carbachol. These results suggest that the parenchymal strip in vitro reflects peripheral airway function in vivo and may be a useful preparation in which to directly examine the effects of various bronchoactive agents on the lung periphery.
